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BRIEF  ASSESSMENT 


•MASK  1  INSPECTION  REPOT" 
NATIONAL  PROGRAM  OF  INSPECTION  OF  DAMS 


Name  of  Dam: 
Inventory  Number: 
State: 

County: 

Town: 

Stream: 

Owners : 


Date  of  Inspection: 
Inspection  Team: 


Hanover  Reservoir  Dam 

CT  00470 _ 

Connecticut  ~ 

New  London _ 

Sprague _ 

Little  River _ 

Raymond  Armstrong 

R.E.  Owens _ 

Charles  Palmer _ 

June  2,  1980 _ 

Peter  M.  Heynen,  P.E. 
Hector  Moreno,  P.E. 

Theodore  Stevens _ 

Robert  Jahn 


r 

The  project,  built  around  1900,  is  an  earth  embankment  approx¬ 
imately  26.5  feet  in  height  and  750  feet  in  length  including  a  147 
foot  long  masonry  spillway.  With  the  reservoir  level  to  the  top  of 
the  dam,  the  reservoir  impounds  approximately  400  acre-feet  of 
water.  The  top  of  the  embankment  is  6.6  feet  above  the  spillway 
crest  and  approximately  30  feet  wide  with  a  paved  road  on  it.  The 
broad  crested  masonry  spillway  is  located  at  the  left  end  of  the  dam 
and  there  is  a  3  span  steel  bridge  over  the  spillway  approach 
channel.  The  outlet  works,  which  have  been  abandoned,  consist  of  a 
54  inch  diameter  low-level  outlet  and  a  penstock. 

Based  upon  the  visual  inspection  at  the  site  and  past  per 
formance,  the  project  is  judged  to  be  in  poor  condition.  '’’here  is 
substantial  seepage  emanating  from  3  locations  at  the  toe  of  the 
downstream  slope,  which  requires  monitoring.  Items  which  require 
maintenance  are  the  dense  vegetation  and  debris  on  the  dam,  the 
irregular  shape  of  the  embankment,  erosion  of  the  upstream  slope, 
deterioration  of  the  masonry  spillway  training  walls  and  erosion  of 
the  concrete  bridge  piers.  The  questionable  condition  of  the 
outlet  works  requires  further  investigation. 

In  accordance  with  Army  Corps  of  Engineers'  guidelines, 
Hanover  Reservoir  Dam  is  classified  as  a  significant  hazard,  small 
size  dam.  The  test  flood  range  to  be  considered  is  from  the  100 
year  storm  to  one-half  the  Probable  Maximum  Flood  (PMF).  The  test 
flood  for  Hanover  Reservoir  Dam  is  equivalent  to  the  one-half  PMF. 
Peak  inflow  is  10,800  cubic  feet  per  second  (cfs);  oeak  outflow  is 
’0,709  cfs  with  the  dam  overtopped  by  1.5  feet.  -The  spillway 
capacity,  with  the  reservoir  level  to  the  top  of  the  dam,  is  5,600 
cfs,  which  is  equivalent  to  52%  of  the  routed  test  flood  outflow.. 


It  is  recommended  that  the  owners  retain  the  services  of  a 
registered  professional  engineer  to  formulate  recommendations  con¬ 
cerning  repair  or  replacement  of  the  low-level  outlet,  and  removal 
of  trees  and  debris  from  the  dam,  and  to  investigate  the  origin  and 
significance  of  seepage  through  the  dam.  Recommendations  made  by 
the  engineer  should  be  implemented  by  the  owner. 


The  above  recommendations  should  be  initiated  upon  the  owners' 
receipt  of  this  report,  and  further  recommendations  and ..f^medial 
measures  presented  in  Section  7  should  be  initiated  w i fc'h-in  ,3! 
of  the  owners'  receipt  of  thi^Yftpor t.  /  j  / 
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Project  Manager  -  Geote 
Cahn  Engineers,  Inc. 


This  Phase  I  Inspection  Report  on  Hanover  Reservoir  Dam  has  been 
reviewed  by  the  undersigned  Review  Board  members.  In  our  opinion, 
the  reported  tindings,  conclusions,  and  recommendations  are  con¬ 
sistent  with  the  Recommended  Guidelines  for  Safety  Inspec tion  of 
Dams,  and  with  good  engineering  judgment  and  practice,  and  is 
hereby  submitted  for  approval. 


ARAMAST  MAHTES I AN ,  Member 
Geotechnical  Engineering  Branch 
Engineering  Division 


CARNEY  M.  TER Z I AN,  Member 
Design  Branch 
Engineering  Division 


RICHARD  DIBUONO,  Chairman 
Water  Control  Branch 
Engineering  Division 


APPROVAL  RECOMMENDED: 


JOE  B.'  FRYAR 

Chief,  Engineering  Division 


PREFACE 


This  report  is  prepared  under  guidance  contained  in  the  Recom¬ 
mended  Guidelines  for  Safety  Inspection  of  Dams,  for  Phase  I 
Investigations.  Copies  of  these  guidelines  may  be  obtained  from 
the  Office  of  Chief  of  Engineers,  Washington,  D.C.  20314.  The 
purpose  of  a  Phase  I  Investigation  is  to  identify  expeditiously 
those  dams  which  may  pose  hazards  to  human  life  or  property.  The 
assessment  of  the  general  condition  of  the  dam  is  based  upon 
available  data  and  visual  inspection.  Detailed  investigation,  and 
analyses  involving  topographic  mapping,  subsurface  investigations, 
testing,  and  detailed  computational  evaluations  are  beyond  the 
scope  of  a  Phase  I  Investigation;  however,  the  investigation  is 
intended  to  identify  any  need  for  such  studies. 

In  reviewing  this  report,  it  should  be  realized  that  the 
reported  condition  of  the  dam  is  based  on  observations  of  field 
conditions  at  the  time  of  inspection  along  with  data  available  to 
the  inspection  team.  In  cases  where  the  reservoir  was  lowered  or 
drained  prior  to  inspection,  such  action,  while  improving  the 
stability  and  safety  of  the  dam,  removes  the  normal  load  on  the 
structure  and  may  obscure  certain  conditions  which  might  otherwise 
be  detectable  if  inspected  under  the  normal  operating  environment 
of  the  structure. 

It  is  important  to  note  that  the  condition  of  a  dam  depends  on 
numerous  and  constantly  changing  internal  and  external  conditions, 
and  is  evolutionary  in  nature.  It  would  be  incorrect  to  assume  that 
the  present  condition  of  the  dam  would  necessarily  represent  the 
condition  of  the  dam  at  some  point  in  the  future.  Only  through 
continued  care  and  inspection  can  there  be  any  chance  that  unsafe 
conditions  will  be  detected. 

Phase  I  inspections  are  not  intended  to  provide  detailed 
hydrologic  and  hydraulic  analyses.  In  accordance  with  the  esta¬ 
blished  Guidelines,  the  Spillway  Test  Flood  is  based  on  the  esti¬ 
mated  "Probable  Maximum  Flood"  for  the  region  (greatest  reasonably 
possible  storm  runoff),  or  fractions  there  of.  Because  of  the 
magnitude  and  rarity  of  such  a  storm  event,  a  finding  that  a 
spillway  will  not  pass  the  test  flood  should  not  be  interpreted  as 
neccessarily  posing  a  highly  inadequate  condition.  The  test  flood 
provides  a  measure  of  relative  spillway  capacity  and  serves  as  an 
aid  in  determining  the  need  for  more  detailed  hydrologic  and 
hydraulic  studies,  considering  the  size  of  the  dam,  its  general 
condition  and  the  downstream  damage  potential. 

The  Phase  I  Investigation  does  not  include  an  assessment  of  the 
need  for  fences,  gates,  no- trespassing  signs,  repairs  to  existing 
fences  and  railings  and  other  items  which  may  be  needed  to  minimize 
trespass  and  provide  greater  security  for  the  facility  and  safety 
to  the  public.  An  evaluation  of  the  project  for  compliance  with 
OSHA  rules  and  regulations  is  also  excluded. 
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PHASE  I  INSPECTION  REPORT 


HANOVER  RESERVOIR  DAM 
SECTION  I  -  PROJECT  INFORMATION 


1 . 1  GENERAL 

a.  Author i ty  -  Public  Law  92-367,  August  8,  1972,  authorized 
the  Secretary  of  the  Army,  through  the  Corps  of  Engineers,  to 
initiate  a  National  Program  of  Dam  Inspection  throughout  the  United 
States.  The  New  England  Division  of  the  Corps  of  Engineers  has  been 
assigned  the  responsibility  of  supervising  the  inspection  of  dams 
within  the  New  England  Region.  Cahn  Engineers,  Inc.  has  been 
retained  by  the  New  England  Division  to  inspect  and  report  on 
selected  dams  in  the  State  of  Connecticut.  Authorization  and 
notice  to  proceed  were  issued  to  Cahn  Engineers,  Inc.  under  a 
letter  of  April  14,  1980  from  William  E.  Hodgson,  Jr.,  Colonel, 
Corps  of  Engineers.  Contract  No.  DACW  33-80-C-0052  has  been 
assigned  by  the  Corps  of  Engineers  for  this  work. 

b.  Purpose  of  Inspection  Program  -  The  purposes  of  the 
program  are  to: 

1.  Perform  technical  inspection  and  evaluation  of  non-federal 
dams  to  identify  conditions  requiring  correction  in  a 
timely  manner  by  non-federal  interests. 

2.  Encourage  and  prepare  the  States  to  quickly  initiate 
effective  dam  inspection  programs  for  non-federal  dams. 

3.  To  update,  verify  and  complete  the  National  Inventory  of 
Dams. 

c.  Scope  of  Inspection  Program  -  The  scope  of  this  Phase  I 
inspection  report  includes: 

1.  Gathering,  reviewing  and  presenting  all  available  data  as 
can  be  obtained  from  the  owners,  previous  owners,  the 
state  and  other  associated  parties. 

2.  A  field  inspection  of  the  facility  detailing  the  visual 
condition  of  the  dam,  embankments  and  appurtenant  struc¬ 
tures. 

3.  Computations  concerning  the  hydraulics  and  hydrology  of 
the  facility  and  its  relationship  to  the  calculated  flood 
through  the  existing  spillway. 

4.  An  assessment  of  the  condition  of  the  facility  and  cor¬ 
rective  measures  required. 

It  should  be  noted  that  this  report  does  not  pass  judgement  on 
the  safety  or  stability  of  the  dam  other  than  on  a  visual  basis. 
The  inspection  is  to  identify  those  features  of  the  dam  which  need 
corrective  action  and/or  further  study. 


7.2  DESCRIPTION  OF  PROJECT 


a.  Location  -  The  dam  is  located  on  the  Lit-tle  River  in  a 
rural  area  of  the  Town  of  Sprague,  County  of  New  London,  State  of 
Connecticut.  The  dam  is  shown  on  the  Scotland  USGS  Quadrangle  Map 
having  coordinates  latitude  N  41°38.9'  and  longitude  w  7?°03.3'. 

b.  Description  of  Dam  and  Appurtenances  -  As  shown  on  Sheet 
B-l,  the  dam  is  an  earth  embankment,  26.5  feet  in  height  and  750 
feet  in  length,  including  a  147  foot  long  masonry  spillway  at  the 
left  end  of  the  dam. 

The  top  width  of  the  embankment  varies,  but  is  generally 
between  30  and  35  feet  except  where  it  has  been  widened  by  dumping 
of  fill  on  the  downstream  slope.  A  bituminous  roadway,  approxi¬ 
mately  18  feet  in  width,  runs  along  the  upstream  half  of  the  top  of 
the  embankment  and  a  3  span  steel  bridge  crosses  the  spillway 
approach  channel.  The  top  of  the  embankment,  at  elevation  239.6 
(assumed  NGVD  datum  -  See  Notes  Sheet  B-l),  is  6.6  feet  above  the 
spillway  crest,  except  where  it  slopes  up  to  the  deck  of  the  bridge, 
at  elevation  192.3.  The  upstream  slope,  which  has  no  riprap,  is  at 
an  inclination  of  approximately  1.5  horizontal  to  1  vertical.  The 
downstream  slope  is  highly  variable  in  inclination  due  to  the 
dumping  of  miscellaneous  fill  on  the  slope,  but  appears  to  have  an 
original  design  inclination  of  approximately  1.3  horizontal  to  1 
vertical. 

The  147  foot  long  spillway,  with  a  crest  elevation  of  183.0, 
is  a  broad-crested  masonry  weir  with  a  concrete  splash  apron.  The 
spillway  has  masonry  training  walls  which  serve  as  bridge  abutments 
and  there  are  two  concrete  bridge  piers  in  the  spillway  approach 
channel. 

The  abandoned  low-level  outlet  works  and  penstock  are  located 
at  the  right  end  of  the  dam.  The  low-level  outlet  is  a  54  inch 
diameter  steel  pipe  with  an  approximate  invert  elevation  of  164.3. 
The  intake  structure  for  the  low-level  outlet  is  constructed  of 
masonry  and  concrete  and  located  on  the  upstream  slope  of  the  dam. 
The  penstock  to  an  old  mill  1000  feet-  from  the  dam  has  been 
dismantled.  The  penstock  intake  structure,  with  a  5  foot  by  7  foot 
inlet  opening,  is  constructed  of  concrete  and  located  on  the 
upstream  slope  adjacent  to  the  low-level  intake  structure. 

c.  Size  Classification  -  (SMALL)  -  The  dam  impounds  approxi¬ 
mately  400  acre-feet  of  water  with  the  reservoir  level  to  the  top  of 
the  dam  which  is  approximately  26.5  feet  above  the  old  streambed  of 
the  Little  River. 

According  to  the  Army  Corps  of  Engineers'  Recommended 
Guidelines,  a  dam  of  this  height  and  maximum  storage  is  classified 
as  small  in  size. 


.  t 
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d.  Hazard  Classification  -  (SIGNIFICANT)  -  If  the  dam  were 

breached,  there  is  potential  for  property  dm  ago  along  in  approxi¬ 
mately  2  mile  reach  of  the  Little  River  valley  between  Hanover 
Reservoir  and  Paper  Mill  Pond,  including  a  road  bridge  on  Potash 
Hi  LI  Road  and  an  earth  embankment  dam  at  Paper  Mill  Pond.  Also, 
there  exists  the  possibility  for  loss  of  a  few  lives  in  the  area 
Hooded  by  a  breach  of  the  dam. 

e.  Ownership  -  Mr.  Raymond  L.  Armstrong 

Mission  Street 
Hanover,  Ct.  06350 
(203)  822-8541 

Mr.  R.  E.  Owens 
Sheraton  Lane 
Norwich,  Ct.  06360 
(203)  889-7680 

Mr.  Charles  Palmer 
River  Road 
Lisbon,  Ct.  06351 
(203)  887-5592 

The  dam  was  previously  owned  by  the  Angus  Park  Woolen  Company 
which  went  out  of  business  in  1974. 

f.  Operator  -  None 

g.  Purpose  of  Dam  -  Prior  to  1974,  the  reservoir  was  used  to 
supply  water  to  the  woolen  factory  and  to  portions  of  the  Village  of 
Hanover.  It  no  longer  serves  any  specific  purpose,  but  people  do 
use  it  for  recreational  activities,  such  as  fishing,  and  developers 
are  selling  residential  building  lots  adjacent  to  the  reservoir. 

h.  Design  and  Construction  History  -  According  to  Town 
officials,  the  dam  was  built  around  1900,  but  nothing  specific 
concerning  design  or  construction  is  known,  nor  is  it  known  if 
there  were  any  later  alterations  or  repairs  to  the  structure. 

i.  Normal  Operational  Procedures  -  There  are  no  operational 
procedures  followed  at  the  dam.  The  roadway  and  bridge  are  main¬ 
tained  by  the  Town  of  Sprague. 

1.3  PERTINENT  DATA 

a.  Drainage  Area  -  The  drainage  area  is  33.3  square  miles  of 
mostly  undeveloped,  wooded,  rolling  terrain. 

b.  Discharge  at  Damsite  -  Discharge  is  over  the  spillway. 

1.  Outlet  works  (conduits) : 

54  inch  low-level  outlet  @ 
invert  el.  164. 5+: 


Inoperable  gate  -  condition 
unknown 


LV 

*  2.  Maximum  flood  at  damsite: 

1400  cfs  (August  19,  1955)  - 

• 

k 

Overtopping  prevented  by 
sandbagging 

3.  Ungated  spillway  capacity 

K  @  top  of  dam  el.  189.6: 

5600  cfs 

• 

4.  Ungated  spillway  capacity 
@  test  flood  el  191.1: 

7600  cfs 

v.  •  ■  '  ' 

5.  Gated  spillway  capacity 
■  @  nocmal  pool: 

N/A 

6.  Gated  spillway  capacity 
@  test  flood: 

N/A 

7.  Total  spillway  capacity 
■  @  test  flood  el.  191.1: 

7600  cfs 

- - - 

8.  Total  project  discharge 
@  top  of  dam  el.  189.6: 

5600  cfs 

9.  Total  project  discharge 
@  test  flood  el.  191.1: 

10,700  cfs 

c.  Elevations  -  Elevatons  are 
an  assumed  spillway  crest  elevation 

approximate  NGVD  based  on 
of  183.0. 

1.  Streambed  at  toe  of  dam: 

163.1  + 

2.  Bottom  of  cutoff: 

N/A 

#»•  -  - 

3.  Maximum  tailwater: 

N/A 

4.  Normal  pool: 

183.5  + 

5.  Full  flood  control  pool: 

N/A 

• 

6.  Spillway  crest  (ungated): 

183.0+ 

^  7.  Design  surcharge 

1  (original  design): 

Not  Known 

8.  Top  of  dam: 

189.6+ 

9.  Test  flood  surcharge: 

191.1 

d.  Reservoir  Length 

1.  Normal  pool: 

1700+  ft. 

• 

2.  Flood  control  pool: 

N/A 

3.  Spillway  crest  pool: 

1700+  ft. 

• _ 

4.  Top  of  dam  pool: 

3000+  ft. 

5.  Test  flood  pool: 

■ 

3600+  ft. 
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210+  acre-ft. 


1.  Normal  pool: 

2.  Flood  control  pool: 

3.  Spillway  crest  pool: 

4.  Top  of  dam  pool: 

5.  Test  flood  pool: 

f .  Reservoir  Surface 

1.  Normal  pool: 

2.  Flood  control  pool: 

3.  Spillway  crest  pool: 

4.  Top  of  dam  pool: 

5.  Test  flood  pool: 

g.  Dam 

1.  Type: 

2.  Length: 

3.  Height: 

4.  Top  width: 

5.  Side  slopes: 

6.  Zoning: 

7.  Impervious  core: 

8.  Cutoff: 

9.  Grout  curtain: 

10.  Other: 

h.  Diversion  and  Regulating 

i .  Spillway 
1 .  Type : 


N/A 

210+  acre-ft. 

400+  acre-ft. 

450+  acre-ft. 

16.5+  acres 
N/A 

16.5+  acres 
34.0+  acres 
36.0+  acres 

Earth  embankment 
750+  ft. 

26.5+  ft. 

30-35  ft. 

Irregular  downstream 
1.5+H  to  IV  upstream 

N/A 

* 

N/A 
N/A 
N/A 
N/A 

Tunnel  -  N/A 


3road-crested  masonry 
with  concrete  splash  apron 


2.  Length  of  weir: 

3.  Crest  elevation: 

4.  Gates: 

3.  Upstream  channel: 

6.  Downstream  channel: 

7.  General: 

j.  Regulating  Outlets 

Low-level  outlet  (abandoned) 

1.  Invert: 

2.  Size: 

3.  Description: 

4.  Control  mechanism: 

5.  Other: 


147  ft. 

183.0  (assumed  NGVD  datum) 
N/A 

Shallow,  sandy  bottom 
Shallow,  boulders,  cobbles 
N/A 


164.5+ 

54  in.  dia. 
Steel  pipe 
None 

Not  operable 
be  abandoned 


appears  to 
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SECTION  2 : 


ENGINEERING  DATA 


2.1  DESIGN  DATA 

The  available  data  consists  of  inventory  data  by  the  Sta»-o  of 
Connecticut,  several  inspection  reports  by  the  State,  and 
correspondence  between  the  State  and  the  former  owner  concerning 
the  condition  of  the  dam  (See  Appendix  B). 

2.2  CONSTRUCTION  DATA 

No  information  was  available. 

2.3  OPERATIONS  DATA 

No  formal  operations  records  are  known  to  exist.  Reportedly, 
the  dam  was  nearly  overtopped  during  the  storm  of  August,  1955,  but 
overtopping  at  a  low  point  near  the  right  end  of  the  dam  was 
prevented  by  the  placement  of  sandbags. 

Between  1963  and  1980,  several  inspections  of  the  dam  were 
performed  by  or  for  the  State  of  Connecticut  and  recommendations 
were  made  for  repair  of  the  dam.  During  this  period,  much  corres¬ 
pondence  was  written  concerning  planned  repairs  to  the  dam,  but  no 
repairs  were  ever  performed. 

2.4  EVALUATION  OF  DATA 

a.  Existing  Data  -  Existing  data  was  provided  by  the  State  of 
Connecticut  Department  of  Environmental  Protection,  ’’’he  owner  made 
the  project  available  for  visual  inspection. 

b.  Adequacy  -  There  was  no  detailed  engineering  data  avail¬ 
able;  therefore,  the  final  assessment  of  this  project  must  be  based 
on  visual  inspection,  performance  history,  hydraulic  computations 
of  spillway  capacity,  and  hydrologic  estimates. 

c.  Validity  -  A  comparison  of  record  data  and  visual  observa¬ 
tions  reveals  no  significant  discrepancies  in  the  record  data. 


SECTION  3 : 


VISUAL  INSPECTION 


3.1  FINDINGS 


a.  Gene  r  j -  The  general  condition  of  h<_  L  roj.<  t  :s  poor. 

The  inspection  revealed  several  areas  requirinq  maintenance, 
ropa i r ,  and  monitorinq.  'Vt  the  time  of  inspection,  the  reservoir 
level  was  at  elevation  183.2;  i.e.  0.2  foot  above  the  spillway 
crest. 


d.  Dam 


Top  of  Dam  -  The  upstream  half  of  the  top  of  the  embank¬ 
ment  is  covered  by  an  18  foot  wide  bituminous  roadway.  The  pavement 
is  in  fair  condiiton,  with  some  cracking,  but  no  signs  of  movement 
or  settlement.  Some  of  the  guardrail  posts  along  the  road  are 
tipped  and  the  cables  loose.  There  is  no  guardrail  along  much  of 
the  downstream  side  of  the  road.  There  are  many  trees  with  trunk 
diameters  of  up  to  15  inches  or  more,  underbrush,  and  weeds  on  the 
downstream  half  of  the  top  of  the  embankment,  as  well  as 
miscellaneous  fill  in  some  places,  which  causes  the  top  width  of 
the  dam  to  be  very  irregular  (See  Sheet  B-l). 

Upstream  Slope  -  The  upstream  slope  of  the  embankment  is 
generally  at  an  inclination  of  approximately  1.5  horizontal  to  1 
vertical  and  does  not  have  any  riprap.  An  approximately  2  foot  high 
strip  immediately  above  the  normal  reservoir  level  appears  to  have 
been  eroded  and  is  at  an  inclination  of  approximately  1  horizontal 
to  1.2  vertical.  Below  the  normal  reservoir  level,  the  slope  was 
measured  to  be  inclined  at  approximately  3  horizontal  to  1 
vertical.  Trees,  brush  and  weeds  are  also  present  on  the  upstream 
slope. 


Downstream  Slope  -  Downstream  slope  inclinations  vary 
widely  due  to  dumping  of  miscellaneous  fill  such  ^as  boulders, 
gravel,  stumps,  branches,  tires  and  other  debris  on  the  slope.  In 
an  area  where  no  dumping  has  occurred,  the  slope  was  measured  to 
have  an  inclination  of  approximately  1.3  horizontal  to  1  vertical. 
Trees,  with  trunk  diameters  of  up  to  15  inches  or  more,  are  numerous 
on  the  downstream  slope  and  there  is  heavy  brush  growth  as  well 
(Photo  3). 


There  are  3  large  wet  areas,  as  shown  on  Sheet  B-l,  at 
the  toe  of  the  dam,  but,  due  to  the  amount  of  debris  at  the  toe,  no 
seeps  exiting  from  the  embankment  were  located.  Water  in  the  wet 
area  closest  to  the  left  end  of  the  dam,  approximately  160  feet  from 
the  spillway,  is  nearly  stagnant  and  a  very  soft,  compressible  soil 
condition  exists  in  this  area  (Photo  1).  The  soil  at  the  center  wet 
area  is  also  soft  and  compressible,  but  water  in  this  area  is 
flowing  a way  from  the  toe  in  a  shallow,  6  foot  wide  swale  (Photo  2). 
The  wet  area  at  the  right  end  of  the  dam  appears  to  be  approximately 
3  feet  deep  and  stagnant.  A  small  flow  through  the  low-level  outlet 
pipe  was  observed  (Photo  5)  but  it  could  not  be  seen  if  there  were 
other  seeps  contributing  to  this  wet  area  and  no  outlet  from  the  wet 
area  was  observed.  Surrounding  the  wet  area  adjacent  to  the  low- 
level  outlet  pipe  are  berms  an  a  masonry  weir,  apparently  designed 
to  direct  outflow  from  the  outlet  away  from  the  toe  of  the  dam 
and/or  away  from  the  penstock. 


Spillway  -  The  masonry  spillway  crest  is  in  good 
condition.  sextant  i  al  obstruc  t- i  or  s  of  *-hc  shallow,  c-»nd 
bottomed  approach  channel  or  crest  were  observed,  though  two  rather 
large  tree  trunks  were  observed  on  the  spillway  crest  (Photo  4). 
The  concrete  splash  apron  appears  to  be  in  good  condition,  with 
only  minor  cracking  at  the  construction  joints.  There  are 
overhanging  trees  and  a  small  island  in  the  broad,  cobble  and 
boulder  bottomed  downstream  channel;  however,  the  channel  is  large 
and  these  minor  obstructions  would  not  significantly  lessen  its 
effectiveness  under  high  discharges.  The  masonry  spillway  training 
walls  are  in  fair  condition,  with  cracking  and  leaching  of  the 
mortar  joints,  particularly  at  the  normal  pool  elevation. 

c.  Appurtenant  Structures  -  The  low-level  outlet  appears  to 
be  inoperable,  as  the  gate  stem  is  badly  misaligned.  The  size  and 
composition  of  the  intake  gate  are  not  known,  but  it  is  evidently 
leaking  as  there  is  seepage  emanating  from  the  54  inch  outlet  pipe. 
The  intake  structure,  constructed  of  masonry  with  a  concrete  coping 
is  in  poor  condition,  exhibiting  cracking  and  displacement  of  the 
concrete  (Photo  6).  There  is  no  headwall  or  discharge  channel  for 
the  outlet  pipe,  which  discharges  into  the  wet,  swampy  area  at  the 
toe  of  the  dam  (Photo  5). 

The  condition  of  the  abandoned  penstock  through  the  embankment 
is  not  known.  The  concrete  intake  structure  is  in  good  condition 
(Photo  6).  The  gate  is  7  feet  wide  by  5  feet  deep  and  is  located  in 
a  slot  approximately  3  feet  from  the  upstream  edge  of  the  penstock 
intake  structure.  At  the  upstream  edge  of  the  structure  is  a  steel 
trash  rack,  which  is  presently  covered  by  plywood.  The  portion  of 
the  penstock  from  the  dam  to  the  old  factory  has  been  entirely 
dismantled  and  its  point  of  exit  from  the  embankment  could  not  be 
found,  apparently  having  been  covered  with  soil  and  revegetated. 
There  is  a  3-4  foot  deep  by  2  foot  wide  cavity  in  the  downstream 
slope  along  the  alignment  of  the  penstock  (Photo  7),  which  was 
apparently  a  vent  for  the  approximately  1000  foot  long  penstock 
(Appendix  B-35). 

The  3  span  steel  bridge  over  the  spillway  approach  channel  is 
in  fair  condition,  but  the  2  concrete  support  piers  are  very  badly 
spalled  and  in  poor  condition.  The  steel  beams  and  guard  rails,  and 
the  bridge  deck  appear  to  be  in  good  condition.  The  spillway 
training  walls  which  also  serve  as  bridge  abutments  are  in  fair 
condiion,  as  previously  described. 

d.  Reservoir  Area  -  The  area  surrounding  the  reservoir  is 
wooded  and  undeveloped. 

e.  Downstream  Channel  -  The  downstream  channel  is  the  natural 
streambed  of  the  Little  River.  It  is  broad  and  shallow  to  the 
initial  impact  area. 

3.2  EVALUATION 

Based  upon  the  visual  inspection,  the  project  is  assessed  as 
being  generally  in  poor  condition.  The  manner  in  which  thr 


features  identified  in  Section  3.1  could  influence  the  future 
condition  and/or  stability  of  the  project  is  as  follows: 

1.  Large  trees  on  the  top  and  slopes  of  the  dam  could  be 
uprooted,  causing  extensive  damage  to  the  dam.  Penetra¬ 
tion  of  the  root  systems  may  further  increase  seepage 
through  the  dam. 

2.  The  dumping  of  miscellaneous  fill  on  the  downstream  slope 
of  the  dam  obscures  the  true  configuration  and  condition 
of  the  dam  and  prevents  monitoring  of  seepage.  In  many 
places,  the  fill  is  resting  at  nearly  vertical 
inclinations  and  is  liable  to  slide,  causing  damage  to  the 
dam. 

3.  The  upstream  slope  of  the  dam  is  likely  to  be  further 
eroded,  due  to  the  lack  of  riprap  protection. 

4.  Seepage  at  the  toe  of  the  dam  could  worsen  and  lead  to 
stability  problems 

5.  Further  deterioration  of  the  masonry  spillway  training 
walls  or  concrete  bridge  piers  cause  instability  of  the 
bridge. 

6.  The  lack  of  an  operational  low-level  outlet  prevents 
lowering  of  the  reservoir  level  in  the  event  of  an  emer¬ 
gency  at  the  dam. 

7.  Further  deterioration  of  the  low-level  intake  structure 
could  threaten  its  stability  and  possibly  cause  partial 
blockage  of  the  intake  channel. 

8.  The  condition  of  the  abandoned  penstock  through  the  dam  is 
not  known  and  the  cavity  on  the  downstream  slope  may  be  an 
indication  of  partial  collapse  of  the  penstock 
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SECTION  4:  OPERATIONAL  AND  MAINTENANCE  PROCEDURES 


4.1  OPERATIONAL  PROCEDURES 

a.  General  -  There  are  no  formal  regulating  procedures 
followed  at  the  dam. 

b.  Description  of  Any  Formal  Warning  System  In  Effect  -No 
formal  warning  system  is  in  effect. 

4. 2  MAINTENANCE  PROCEDURES 

a.  General  -  Other  than  the  maintenance  of  the  roadway  by  the 
Town  of  Sprague,  there  is  no  formal  program  of  maintenance  or 
inspection  at  the  dam. 

b.  Operating  Facilities  -  No  formal  program  for  maintenance 
of  operating  facilities  is  in  effect. 

4.3  EVALUATION 


Operation  and  maintenance  procedures  are  non-existent.  A 
formal  program  of  operation  and  maintenance  procedures  should  be 
implemented,  including  documentation  to  provide  complete  records 
for  future  reference.  Also,  a  formal  warning  system  should  be 
developed  and  implemented  within  the  time  frame  indicated  in 
Section  7.1c.  Remedial  operation  and  maintenance  recommendations 
are  presented  in  Section  7.3. 
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SECTION  5:  EVALUATION  OF  HYDRAULIC/HYDROLOGIC  FEATURES 
'5.1  GENERAL 


The  watershed  is  33.3  square  miles  of  mostly  undeveloped, 
wooded,  flat  to  rolling  terrain,  including  several  large  swamps. 
Hampton  Reservoir  and  Pine  Acres  Lake,  both  located  in  the  upper 
reaches  of  the  watershed,  have  a  negligible,  if  any,  effect  on  the 
reduction  of  peak  inflows  to  Hanover  Reservoir. 

The  dam  is  a  low  surcharge  storage,  low  spillage  type  project. 
The  available  storage  reduces  the  outflow  from  a  Probable  Maximum 
Flood  (PMF)  of  21,600  cubic  feet  per  second  (cfs)  to  21,400  cfs  and 
the  PMF  outflow  from  10,800  cfs  to  10,700  cfs. 

5.2  DESIGN  DATA 


No  computations  could  be  found  for  the  original  design  of  the 

dam. 

5 . 3  EXPERIENCE  DATA 


A  low  area  near  the  right  end  of  the  dam  was  nearly  overtopped 
during  the  storm  of  August,  1955,  but  overtopping  was  prevented  by 
the  placement  of  sandbags. 

At  a  gaging  station  1.7  miles  north  of  Hanover  Reservoir,  a 
maximum  flow  of  1400  cfs  was  recorded  on  August  19,  1955  (Appendix 
B-32)  . 

5.4  VISUAL  OBSERVATIONS 


No  unusual  hydrologic  features  of  the  project  were  observed. 

5.5  TEST  FLOOD  ANALYSIS 

Based  upon  the  U.S.  Army  Corps  of  Engineers'  "Preliminary 
Guidance  for  Estimating  Maximum  Probable  Discharges",  dated  March 
1978,  the  watershed  classification  (flat  to  rolling),  and  a  water¬ 
shed  area  of  33.3  square  miles,  a  PMF  of  21,600  cfs  is  estimated  at 
the  dam  site.  The  range  of  test  floods  to  be  considered  for  this 
significant  hazard,  small  size  dam  is  from  the  100  year  storm  to  ** 
PMF.  The  hazard  associated  with  a  breach  of  the  dam  is  primarily 
economic,  with  a  possibility  for  loss  of  a  few  lives.  Therefore, 
the  test  flood  is  equivalent  to  the  h  PMF.  The  initial  reservoir 
level  is  assumed  to  be  0.5  foot  above  the  spillway  crest  elevation 
of  183.0.  Peak  inflow  at  test  flood  is  10,800  cfs.  Because  of  the 
small  surcharge  storage  (Appendix  D-5) ,  the  peak  outflow  for  the 
test  flood  is  estimated  at  10,700  cfs  and  this  flow  will  overtop  the 
dam  by  1.5  feet.  Based  on  hydraulics  computations,  the  spillway 
capacity  to  the  top  of  the  dam  is  5,600  cfs,  which  is  equivalent  to 
52%  of  the  routed  test  flood  outflow. 


-  • 


_  • 
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5.6  DAM  FAILURE  ANALYSIS 

The  dam  failure  analysis  is  based  on  the  April,  1978  Army 
Corps  of  Engineers  "Rule  of  Thumb  Guidance  for  Estimating  Down¬ 
stream  Dam  Failure  Hydrographs."  With  the  prefailure  reservoir 
level  at  the  top  of  the  dam,  peak  outflow  would  be  about  5,600  cfs 
and  the  peak  failure  outflow  from  a  breach  of  the  dam  would  total 
about  72,000  cfs  (D-8) .  This  flood  flow  will  be  greatly  reduced  by 
the  available  channel  storage  between  Hanover  Reservoir  Dam  and 
Paper  Mill  Pond.  However,  the  breach  of  the  dam  would  result  in  a 
rise  in  the  water  level  of  the  stream  from  a  depth  of  2.2  feet  just 
before  the  breach,  to  a  depth  which  will  vary  along  the  reach  from 
about  11.7  feet  leaving  the  dam  to  2.6  feet  entering  Paper  Mill 
Pond.  This  rapid,  9.5  to  0.4  feet  increase  in  water  level  will 
inundate  the  Little  River  valley  with  subsequent  economic  loss  and 
possibly  causing  the  loss  of  a  few  lives.  In  addition,  this  flood 
would  result  in  a  0.5  foot  rise  in  the  water  level  from  elevation 
116.3  to  elevation  115.8  at  Paper  Mill  Pond  Dam,  10,000  feet 
downstream  of  Hanover  Reservoir  Dam.  This  sudden  surge  would 
reduce  the  freeboard  on  Paper  Mill  Pond  Dam,  which  has  a  top 
elevation  of  117.5,  to  less  than  one  foot  and  could  increase  the 
potential  for  overtopping  or  wave  action  damage  to  the  earth 
embankment  portion  of  the  dam.  Based  on  the  dam  failure  analysis, 
Hanover  Reservoir  Dam  is  classified  as  a  significant  hazard  dam 
(Appendix  D-ll) . 


SECTION  6:  EVALUATION  OF  STRUCTURAL  STABILITY 

6.1  VISUAL  OBSERVATIONS 

There  are  several  areas  of  concern  regarding  the  future  sta¬ 
bility  of  the  structure.  According  to  previous  inspection  reports, 
the  stability  of  the  downstream  slope  may  be  questionable, 
especially  in  light  of  the  dumping  of  miscellaneous  fill  on  the 
slope  and  the  likelihood  of  trees  on  the  slope  becoming  uprooted. 
More  information  on  the  soil  characteristics  of  the  slope  is 
necessary  to  determine  its  stability  and  if  flattening  of  the 
slope,  as  first  recommended  in  1963  by  the  State's  engineers,  is 
necessary.  Even  though  the  downstream  slope  is  steeper  than  normal 
for  an  earth  embankment,  the  top  width  of  the  dam  is  approximately 
30  feet  and  the  total  width  at  the  bottom  of  the  dam  is  estimated  to 
be  90  feet  or  more,  which  contributes  to  the  stability  of  the 
structure. 

The  condition  of  the  abandoned  penstock  through  the  dam  and  its 
gate  could  not  be  determined  by  visual  inspection.  If  the  penstock 
gate  is  not  watertight,  internal  erosion  of  the  embankment  could 
occur  and  the  penstock  "vent"  is  an  area  which  may  be  susceptible  to 
collapse. 

Other  areas  which  may  cause  future  stability  problems  are 
seepage,  erosion  of  the  bridge  piers,  erosion  of  the  upstream 
slope,  and  deterioration  of  the  spillway  training  walls. 

6.2  DESIGN  AND  CONSTRUCTION  DATA 


No  information  was  available. 

6.3  POST-CONSTRUCTION  CHANGES 


There  are  no  known  post-construction  changes  to  the  dam. 

6.4  SEISMIC  STABILITY 

The  dam  is  in  Seismic  Zone  1  and,  according  to  recommended 
guidelines,  need  not  be  evaluated  for  seismic  stability. 
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SECTION  7:  ASSESSMENT ,  RECOMMENDATIONS  AND  REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 

a.  Condition  -  Based  upon  visual  i  nspoi.  lion  of  ►he  si  *-e  and 

past  performance,  the  project  appears  to  in  poor  condition. 

There  are  several  areas  of  the  embankment  \nd  the  bridge  which 
require  maintenance,  repair  and  monitoring. 

Based  upon  "Preliminary  Guidance  For  Estimating  Maximum 
Probable  Discharges"  dated  March,  1978,  the  watershed  area  and 
classification,  and  hydraulic/hydrologic  computations,  peak  inflow 
at  test  flood  to  the  reservoir  is  10,800  cfs:  peak  outflow  is  10,700 
cfs  with  the  dam  overtopped  by  1.5  feet.  The  spillway  capacity  is 
5,600  cfs  which  is  equivalent  to  approximately  52%  of  the  routed 
test  flood  outflow. 

b.  Adequacy  of  Information  -  The  information  available  is  such 
that  an  assessment  of  the  condition  and  stability  of  the  project 
must  be  based  solely  on  visual  inspection,  past  performance  and 
sound  engineering  judgement. 

c.  Urgency  -  It  is  recommended  that  recommendations  1,  2  and  3 

presented  in  Section  7.2  be  initiated  upon  the  owners  receipt  of 
this  report.  Recommendations  4,  5,  6  and  7  and  the  measures 

presented  in  Section  7.3  should  be  initiated  within  1  year  of  the 
owners  receipt  of  this  report. 

7.2  RECOMMENDATIONS 

It  is  recommended  that  further  studies  be  made  by  a  registered 
professional  engineer  qualified  in  dam  design  and  inspection 
pertaining  to  the  following  items.  Recommendations  made  by  the 
engineer  should  be  implemented  by  the  owners. 

1.  Repair  or  replacement  of  the  low-level  outlet  facilities 
and  intake  structure. 

2.  Removal  of  all  brush,  trees  and  miscellaneous  fill  from  the 
dam  and  from  within  25  feet  of  the  toe  of  the  dam.  This 
should  include  removal  and  proper  backfilling  of  root 
systems,  regrading  and  establishment  of  grassy  vegetation 
on  the  embankment,  and  placement  of  riprap  on  the  upstream 
slope.  This  work  should  be  performed  after  the  low-level 
outlet  is  repaired  and  the  reservoir  is  drained. 

3.  Determination  of  the  origin  and  significance  of  seepage 
through  the  embankment  and  if  deemed  necessary,  development 
of  recommendations  to  reduce  or  eliminate  the  seepage. 

4.  Determination  of  the  condition  of  the  abandoned  penstock 
pipe,  vent  and  gate. 

5.  An  investigation  and  analysis  of  the  stability  of  the 
embankment.  If  determined  to  be  necessary  on  the  basis  of 
this  investigation,  flattening  of  the  downstream  slope  or 
other  measures  to  increase  the  stability  of  the  project 
should  be  undertaken. 
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6.  Detailed  topographic  survey  of  the  project  with  preparation 
of  a  drawing  for  future  reference. 

7.  A  detailed  hydraulic  analysis  of  the  adaquacy  of  the 
existing  project  discharge  and  outlet  facilities. 

7.3  REMEDIAL  MEASURES 

а.  Operation  and  Maintenance  Procedures  -  The  following 
measures  should  be  undertaken  by  the  owners  within  the  length  of 
time  indicated  in  section  7.1.C,  and  continued  on  a  regular  basis. 

1.  Round-the-clock  surveillance  should  be  provided  during 
periods  of  heavy  precipitation  or  high  project  discharge. 
A  formal  downstream  warning  system  should  be  developed,  to 
be  used  in  case  of  emergencies  at  the  dam. 

2.  A  formal  program  of  operation  and  maintenance  procedures 
should  be  instituted  and  fully  documented  to  provide  ac¬ 
curate  records  for  future  reference. 

3.  A  comprehensive  program  of  inspection  by  a  registered 
professional  engineer  qualified  in  dam  inspection  should  be 
instituted  on  an  annual  basis. 

4.  Seepage  through  the  embankment  should  be  monitored  peri¬ 
odically  to  detect  any  possible  changes  in  quantity  or 
turbidity. 

5.  Cracked  and  eroded  areas  of  the  spillway  training  walls 
should  be  repaired. 

б.  Large  logs  and  other  debris  should  be  cleared  from  the 
spillway  crest. 

The  following  measures  should  be  undertaken  by  the  Town  of 
Sprague. 

1.  Erosion  and  undermining  of  the  concrete  bridge  piers  should 
be  repaired  when  the  reservoir  level  is  lowered. 

2.  The  guard  rail  along  the  roadway  should  be  restored. 

7.4  ALTERNATIVES 

This  study  has  identified  no  practical  alternatives  to  the 
above  recommendations. 
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WATER  RESOURCES  COMMISSION 
SUPERVISION  OF  DAMS 
INVENTORY  DATA 


C7'  y 7o 


Name  of  Dam  or  Fond  _ 
Code  No.  _____________ 

Nearest  Street  Location 
Town  ' 


U.S.G.S.  Quad. 
Name  of  Stream 


r  H 1 ..  5  : .  . 

<  V 4 


,  Owner _ i  0 ujCjo^ 


Address 


Xojfl 


^  T. 


L7  4  *) 


-  r  / «/.  «, •  // 
_ A»y  7.t* 

ft  ft. 

-  7W  AAm  srftogt  %  OAat* 


rjO7 


Pond  Used  For  V>  A  /  A  /* ^ 
Dimensions  of  Pond:  Width  __________ 

Total  Length  of  Dam  _________________ 

Location  of  Spillway  ________________ 

Height  of  Pond  Above  Stream  Bed  ' 
Height  of  Embankment  Above  Spillway 
Type,  of  Spillway  Construction  _______ 


Length  ______________ 

_  Length  of  Spillway 


Area 


30A 


Type  of  Dike  Construction 
Downstream  Conditions  _ : 


#♦  »  '> 


1 

■  July  10,  1963 

l 

John  J.  Mozzochi  and  Associates 

217  Hebron  Avenue 

Glastonbury,  Connecticut 

_  # 

1  Re:  Hanover  Reservoir  Dam 

Sprague,  Connecticut 

Dear  Sirs: 

• 

Under  the  terms  of  your  contract  as  consultant 
to  this  Coranission,  please  inspect  the  above  men¬ 
tioned  dam  and  submit  a  report  on  its  condition  to 
this  office. 

The  dam  is  located  on  the  Scotland  Quadrangle 
at  approximately  41°  30'  52"N  and  72°  03'  48"W. 

The  Inventory  of  dams  by  this  office  mentioned  the 

following: 

• 

"Tills  dam  is  leaking  at  the  base.  It 
may  be  desirable  to  have  an  expert 
determine  if  this  or  any  other  con¬ 
dition  is  likely  to  lead  to  a  damaging 
j  failure." 

* 

• 

Very  truly  youx’s. 

William  P.  Sander 

Engineer*  -  Geologist 

e 

WPS:  dip 

• 
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JOHN  J.  M  OZZOCH I  AND  ASSOCIATES 


ijb3 


H I'.-.'l  R  r' 


JOHN  J  MO/ZOCHI 


ASSOCIATES 


CIVIL  ENGINEERS  ItiJJik.D 
[Hi  *  i' 

July  15,  1963 


dUA8TON»UAY.  CONN. 

(  J17  HEBRON  AVENUE 
Cmoni  MCoroin  S-E401 

PROVlDENCt  3.  «.  I. 

aOt>  OYER  STREET 
Phone  G Aspic  1-0410 


OWEN  J.  WHITE 

JOHN  LUC  HE.  Jr.  . 

ECTOR  L.  GIOVANNINI  REPLY  TO:  UldJtOnDUry 


William  P.  Sander-Engineer  Geologist 
Water  Resources  Commission 
State  Office  Building 

Hartford  15,  Connecticut  Re:  Our  File  57-73-50 

Hanover  Reservoir  Dam 
Sprague,  Connecticut 


Dear  Mr.  Sander: 

In  accordance  with  your  instructions  of  July  10th,  I  made  an  inspection  of  the 
referenced  dam  on  July  11th  and  have  the  following  to  report: 

1.  The  leaks  noted  at  the  base  are  of  a  minor  nature  and  appear  to  be  seepage 
through  the  foundation  material  rather  than  through  the  dam  itself. 

2.  The  dike  portion  of  the  dam  carries  a  local  road,  Parkwood  Road,  and  has 
a  considerable  number  of  large  trees  upon  it.  I  recommend  that  all  of  the  trees  be 
removed  from  the  dike. 

3.  The  middle  third  section  of  the  dike  appears  to  have  a  downstream  slope 
steeper  than  desirable.  Since  this  occurs  where  the  dam  has  its’  greatest  height, 

I  i.  commend  that  additional  stability  and  safety  be  achieved  by  flattening  this  slope. 


JJM:hk 


Very  truly  yours, 

\js 

-T  ■' i 


y. 


ozzochiiaftd^ Associates 


John  J. 

Civil  Engineers 
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1963 


October  ?.*.! , 


Angus  Park  Woolen  Company 
Hanover,  Connecticut 


Cent  lexica: 


Tlilo  Commission  is  conducting  an  inventory  of  dams  prograe 
throughout  the  entire  State*  The  Hanover  Reservoir  Daa»  In  the 
Town  of  Sprague  was  Inspected  recently  and  It  w aa  found  that 
certain  lterw  p'  maintenance  are  necuucary  to  pleco  this 
structure  In  a  safe  condition. 


Three  item.:  wccj  noted: 


1.  There  la  leakage  at  the  bate  of  the  dm. 

2.  There  arc  a  considerable  nuntoer  of  trees  on  the  dm* 
These  tree-;  must  be  removed. 

3.  The  middle  third  section  of  the  dike  appears  to  have 
a  downstream  slope  eteeper  than  desirable.  Since 
this  occurs  where  the  dam  has  its  great sat  height, 
it  la  reconmandad  that  additional  stability  and 
safety  be  achieved  by  flattening  this  slope. 


!*;  ild  i'u  pleat  a  Inform  this  office  within  two  weeks  what 
letups  your  fin.;  plans  to  take  to  rupaiv  thir*  dan? 


x.rly  yours. 


William  r.  W  aider 

Engineer  -  Geologist 


Wit; :  dip 


The  Angus  Park  woolen  Co.,  Inc. 
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October  31,  1963 


State  of  Connecticut 
Water  Resources  Commission 
State  Office  Building 
Hartford  15,  Connecticut 


Attention: 


Gentlemen: 


Hr.  William  P.  Sander, 
Engineer  -  Geologist 


This  will  acknowledge  your  letter  of  October  29,  1963  in  reference  to 
certain  items  of  maintenance  which  you  feel  are  necessary  in  connection 
with  the  Hanover  Reservoir  Dam. 

We  have  conferred  with  Benjamin  H.  Palmer  of  Chandler  &  Palmer,  Engineers, 
of  Norwich,  Connecticut  to  examine  the  dam  and  make  a  report. 

With  reference  to  the  second  item  noted  we  will  take  steps  to  have  the 
trees  on  the  dam  removed  this  Fall. 

Yours  very  truly, 

ANGUS  PARK  WOOLEN  CO.,  Ib$C. 


acu  «  ■  (  '  ‘ 

William  G.  Park 
President 
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uenjamin  h.  palmer 

SHEPARD  a.  PALMER 


A.K30 

ON3X, 


CHANDLER  &  PALMER 

CIVIL  ENGINEERS 

114-114  THAVCft  BUILDING 
TELEPHONE  ••T>»§40 


MIMBMI  AMIRICAN  AND  CONNECTICUT  •OCIKTICD 
Or  CIVIL.  CNOINKMB 
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ArfOJ* 

OUJX 


DAM* 

WATCH  IUPN.IH 
fi  OVERAGE 
APPRAISAL! 

ft  STOAT* 
IURVSYB 


Angus  Park  Woolen  Company 
Hanover,  Conneotiout 


NORWICH.  CONN. 

Deoember  13»  ^963 


He:  Dam  on  Little  Hlver 


Gentlemen: 

This  morning  I  made  an  Inspection  of  your  dam  located  on  the 
Little  Hlver  Just  above  your  mill.  I  have  also  read  over  the 
report  sent  to  you  by  Mr.  William  P.  Sander  of  the  State  Water 
Besouroes  Commission. 


In  my  opinion  the  most  Important  Item  at  the  moment  Is  for 
you  to  have  the  trees  on  the  cut.  The  reason  for  this  Is 
that  In  the  event  of  a  high  wind  there  Is  a  possibility  that 
the  trees  might  blow  over,  causing  the  roots  to  open  up  a  hole 
in  the  dam.  I  recommend  that  the  trees  at  both  the  upstream  and 
downstream  side  of  the  dam  be  cut  fairly  close  to  the  ground  and 
trees  and  brush  removed.  It  is  not  necessary  to  remove  the 
roots  of  the  trees  as  they  have  a  tendency  to  hold  the  soli  In 
place. 


There  is  some  leakage  below  the  dam  but  I  think  quite  a  bit 
of  this  is  caused  from  springs  and  I  could  not  see  any  leaks  through 
the  dam  that  appeared  to  be  large  enough  to  cause  any  trouble. 

I  will  Inspect  the  dam  from  time  to  time  during  the  winter  and 
perhaps  make  some  recommendations  In  the  spring.  I  do  not  think 
there  is  any  emergency  at  present  as  far  as  the  leakage  is  con¬ 
cerned. 

Mr.  Sander’s  letter  indicated  that  the  downstream  slope  of 
the  dam  is  steeper  than  desirable  and  I  agree  with  him  on  this 
point.  I  think  after  the  trees  are  removed  perhaps  next  spring 
you  should  consider  placing  additional  fill  on  the  downstream 
side  where  the  slopes  are  particularly  steep.  I  do  not  think  this 
Is  any  emergency  and  I  think  this  part  of  the  work  could  go  until 
next  spring.  The  Important  thing  at  the  moment  is  to  get  the  trees 
and  brush  cleaned  off  as  desorlbed  above. 


BHP/nlr 

cc:  Mr,  William  P,  Sander 
Engineer-Geologist 


Very  truly  yours, 
CHANDLER  &  PALMER  , 

•jE  /i 


B.  H.  Palmer 


'  *  l 


May  7,  13bj 


John  J.  Mozzoohl  unci  Associates 
217  Hebron  Avenue 
Glastonbury,  Connecticut 


Gentlemens 


Under  the  terms  of  your  contract  as  consultant  to 
this  ConmiBslon  will  you  please  Inspect  and  report  on 
Hanover  Reservoir  Dum  and  Baltic  Reaervoir  Dam,  both  in 
Sprague. 


In  1963  you  recommended  certain  repairs  for  these 
dams  and  we  would  like  to  know  if  these  recommendations 
have  been  carried  out  and  if  they  ate  satisfactory. 


Very  truly  yours. 


William  P.  Sander 
Engineer-Geologist 


VPS: din 


B- 1  o 


JOHN  J.  MOZZOCHI  AND  ASSOCIATES 

CIVIL  ENGINEERS 


•LASTONRURV.  CONN. 

■  IT  HKUOM  AVKMUS 

PhOMK  •**-•401 


JOHN  J.  HOnOCHI 

ASSOCiATKS 

owr.N  J.  WHITS 
JOHN  LUCHS.  J*. 
LCTOR  L.  SIOVANNINI 


June  29,  1965 


PROVIDSNCS  a.  R.  I. 

«••  DYBH  •TUCKT 

phonk  6Aim  I  >0410 


rbrly  toi  Gl«»tonbury 


V-  II Horn  P.  Sander-Enginocr-Ccologist 
Water  Resources  Commission 
L'toto  Office  Building 
Hartford  15,  Connecticut 


Re:  Our  File  57-73-50 
Hanover  Reservoir 
Sprague _ 


!. -oar  Mr.  Sander: 

I  have  re-inspectod  this  dam  in  accordance  with  your  letter  of  May  7,  1965, 
end  find  that  the  conditions  are  the  same  as  described  in  my  letter  of  July  15,  1963. 

Consequently  my  previous  recommendations  are  still  in  order. 


Very  truly  yours , 


John  J.  Mozzochl  and  Associates 
Civil  Engineers 


TT'*  :li): 


f'-t&it  IMl  ^  y  ' -*'J 


Angus  Park  tfuoien  Canpany,  Inc. 
c,  o  Mr.  William  C.  Park,  President 
Hanover*  Connecticut 


Subject*  Hanover  Reservoir  Dam 
Sprague 


wear  Ux.  Park* 


The  records  in  this  office  indicate  that  your  company  is  the  owner 
of  the  suoject  dam. 


The  Water  Resources  Commission  has  jurisdiction  over  all  darns,  dikes 
or  similar  structures  •  which*  'bybreeking  away  ox  otherwise  might  en¬ 
danger  life  or  property  -  -  This  authority  is  established  in  the  General 
Statutes  of  Connecticut,  c  copy  of  which  is  enclosed.  The  subject  dam  has 
been  determined  to  be  one  -  which,  by  breaking  away  or  otherwise*  might 
endanger  lifo  or  property  -  •  ",  and  is  therefore  under  the  jurisdiction  of 
this  Commission. 

wMi  uctoosx  29,  1963  we  wrote  yo  you  advising  you  of  certain  corrective 
-.cr!.  .  hich  vrs  Indicated  by  an  inspection  which  »•*  hac  iwde  by  an  engineering 
consultant  to  this  Connisslon.  It  was  brought  to  your  attention  that  leaks 

••-a1  I'otcu  at  the  vase*  of  the  downstream  slope.  Hu  following  itews  ;*ere 
also  specified* 

• «  'iho.o  j :o  a  conslverable  number  of  t-eca  on  tho  da,i.»  These 
ureas  :.xiat  vc  removed11. 

2.  The  middle  third  section  of  the  dike  appears  to  have  a  down* 
stream  slope  steeper  than  desirable,  since  this  occurs  where 
the  dam  has  its  greatest  height*  it  is  xecoimnended  that 
additional  stability  and  safety  be  achieved  by  flattening  this 
slope" • 

In  your  letter  of  uctobex  31*  X963*  you  state  that  Benjamin  Para*,  nee 
w  nine  the  dc..:  and  mane  a  report,  and  that  steps  would  be  taken  to  have 
the  Umos  removed  that  fail. 


B-12 


Hanover,  Connecticut 


|  m  *  w / 


On  March  26,  1969,  this  dam  was  inspected  and  it  was  found  that  tt 

upstream  mu  ..nsti'c.  .  £* J  ,  es  of  this  dam  «.•  still  Cov.nod  with  i  - *;v_ 
tiocs  and  t!i'f  J.,..nsti oa.a  :.l>.ps  still  app.vuei  sU«. -n  than  desirable. 

In  addition  to  this,  the  following  item  was  noted! 

i: .  Fill  h-<j  apparently  been  dumped  on  the  downstream  slope  on 
the  e.:3t  end  making  the  slope  even  steeper  than  It  had  been. 
This  j.rditice,  if  continuing,  should  be  discontinued  as  it 
increases  the  likelihood  of  a  slide  of  the  downstream  embank* 
inent.  Furthermore,  this  area  should  ne  re-graded  to  conform 
at  least  to  the  original  slope  if  not  made  even  flatter  as 
suggested  in  #2, 


If  a  report  has  been  made  by  Mr*  Palmer,  we  would  a  sic  that  you  send  us 
a  copy.  If  not,  we  request  that  you  have  such  a  report  made  on  the  safety  of  the 
da:n  by  an  engineer  registered  in  the  Stats  of  ConnectiCJt  and  submit  such  a 
report  by  June  10,  1969,  We  also  request  that  all  trses  on  the  water  side 
and  on  the  downstream  slope  be  cut  down  by  July  31,  1969  and  that  your  en¬ 
gineer  determine  if  it  is  necessary  to  also  remove  the  root  systems. 

Vie  request  that  /ou  send  us  a  writtsn  statement  as  to  your  intentions 
before  April  16,  1969  and  hope  that  more  formal  action  will  not  be  required. 


Very  truly  yours. 


William  H.  O’Brien  III 
Civil  Engineer 


Eric, 


■  I’jII  I  ivhb 


I 
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BENJAMIN  H.  PALMER 
SHEPARD  B.  PALMER 


CHANDLER  &  PALMER 

CIVIL  ENGINEERS 
114-1  IS  TWA  YEA  BUILDING 
TELEPHONE  M74I40 

MCMMM  AMMICAN  AND  CONNECTICUT  SOCIETIES 
OP  CIVIL  ENGINEERS 


DAMS 

WATC9  fUfPLIlf 

sewerage 

APPRAISALS 
S  CROATS 
SURVEYS 


NORWICH.  CONN.  06360 


April  14,  1969 


Angus  Park  Woolen  Company 

Hanover 

Conneotlout 


Dear  Mr.  Park* 

On  December  13*  1963.  I  made  an  inspeotion  of  the 
Dam  on  Little  Hlver  Just  above  your  mill  and  made  a  re¬ 
port  to  you  at  that  time.  I  am  enclosing  a  oopy  of  that 
report. 

On  Friday,  April  11th,  1969.  1  made  a  further  inspec¬ 
tion  of  the  Dam  and  noted  that  none  of  the  work  had  been 
done  which  was  outlined  in  the  letter. 

I  realize  you  are  hesitant  about  outtingthe  trees 
on  the  Dam  because  of  appearance.  However,  I  do  think 
there  is  some  hazard  from  the  possibility  of  wind  blowing 
the  trees  over  and  opening  up  a  hole  in  the  Dam.  I  am 
assuming  that  you  intend  to  get  at  this  work  as  soon  as 
possible. 


Very  truly  yours. 


BHPinds 

£no* 


Chandler  &  Palmar 

STATE  WATER  RESOURCES 

CO^f'-SION 

R  ECEI  V  E  t? 


APR  1  7  1969 


ansv.  i  nrn  . 

REFERRED _ 

FILED - 


B-14 


<,  I  A  f  I- 


WATER  RESOURCES 

n.Mvrs.oN  Angus  Park  woolen  Co., 

i  it'-5' 


Inc. 


HANOVER,  CONN.  D635D 

April  15,  1969 


Water  Resources  Commission 
State  Office  Building 
Hartford,  Connecticut  06115 

Re:  Hanover  Reservoir  Dam 
Sprague _ 

Attention:  Mr.  William  H.  O'Brien  III 
Civil  Engineer 


Gentlemen: 


We  have  your  letter  of  March  27,  1969  in  further  reference  to  the  conditions 
at  the  above  designated  location. 

We  note  that  on  October  29th,  1963  you  wrote  to  us  advising  of  certain 
corrective  work  which  was  indicated  at  tjiis  location.  We  further  note  that 
your  engineers  inspected  this  dam  on  October  26,  1969  and  found  the  same 
conditions  prevail  as  reported  by  you  in  1963. 

we  fear  we  are  the  culprits  in  this  situation,  as  you  will  note  in  the 
enclosed  correspondence  with  Chandler  &  Palmer,  Engineers  of  Norwich, 
Connecticut,  that  their  1963  report  agreed  substantially  with  the  report 
of  your  engineers.  Mr.  Palmer  has  been  absent  from  his  office  for  some 
Lime  and  has  only  recently  returned.  You  will  note  his  letter  of  April 
14,  1969  in  which  he  refers  to  his  1963  inspection  and  also  that  of  April 
11th,  1969.  In  the  final  paragraph  of  his  April  14th  letter  he  puts  his 
linger  on  the  reason  for  the  Company's  reluctance  to  cut  the  trees  on  the 
•  ’am.  This  reservoir  is  a  beauty  spot  in  the  opinion  of  the  Company,  and 
to  cut  the  trees  down  as  requested  would  ruin  the  beauty  of  the  spot, 
uowever,  in  view  of  the  arguments  in  favor  of  the  moving  of  the  trees  we 
ill  sc><>  that  this  work  is  accomplished  as  rapidly  as  possible. 

Very  truly  yours, 


ANGUS  PARK  WOOJjEN  CO. ,  INC. 


William  G.  Park 
President 


WGP/ab 


Angus  Park  Woolen  Co. ,  Inc* 

c/o  Mx.  Mill ism  G.  Park,  President 

Hanover,  Connecticut 


Subject!  Hanover  Reservoir  Dam 
Sprague 


Dear  Ik.  Parki 


Thank  you  for  your  letter  of  April  15,  1969  with  enclosed  copies 
of  reports  by  Chandler  &  Palmer  on  the  subject  dam,  dated  December  13, 
1963  and  April  14,  1969. 


Me  note  that  you  Intend  to  remove  the  trees  in  accordance  with  the 
recommendations  of  both  our  consulting  engineer  and  yours.  This  should 
be  completed  by  July  31,  1969. 


*.e  request  that  plans  be  submitted  fox  the  flattening  of  the  down¬ 
stream  slope,  prepared  by  an  engineer  registered  in  the  State  of  Conn¬ 
ecticut  and  bearing  his  certification  and  seal.  The  engineer  should 
check  the  overall  safety  of  the  structure  and  may  feel  that  additional 
-oik  should  be  performed  to  place  the  structure  in  a  safe  condition, 

In  addition  to  the  items  brought  out  in  our  less  detailed  inspections. 


May  we  hear  from  you  at  your  earliest  convenience  as  to  your  in- 

.entioiiS? 


Very  truly  yours, 


William  H.  O'Brien  III 
Civil  Engineer 


..HOIIIivhb 


July  24,  1069 


Angus  Park  Woolen  Co.,  Inc. 
c/o  Mr.  William  G.  Park,  Pres. 
Hanover,  Connecticut 


Subject:  Hanover  Reservoir  Dam 
Sprague,  Connecticut 


Dear  Mr.  Park: 


On  April  21,  1969,  we  wrote  to  you  requesting  that  the 
trees  on  the  dam  be  cut  down  by  July  31,  1969,  and  that  plans 
be  submitted  by  an  engineer  for  the  flattening  of  the  down¬ 
stream  slope,  (at  least  In  the  area  where  additional  fill  has 
been  placed). 

The  first  step  Is  to  have  your  engineer  make  an  analysis 
of  the  safety  of  the  dam  with  special  emphasis  on  the  steepness 
of  the  downstream  embankment,  and  submit  a  report  to  us. 

We  would  like  a  statement  from  you  before  August  12,  1969, 
about  the  trees  and  when  we  may  expect  an  engineer's  report  on 
the  safety  of  the  dam. 

Very  truly  yours. 


William  H.  O’Brien  III 
Civil  Engineer 


WHOI I I : vhb 
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Angus  Park  Woolen  Co.,  Inc. 

HANOVER.  CONN.  D63SO 


July  25,  1969 


State  of  Connecticut, 

Water  Resources  Commission 
State  Office  Building 
Hartford,  Connecticut  06115 

Attention:  Mr.  William  H.  O'Brien  III,  Subject :Hanover  Reservoir 

Civil  Engineer  Dam -Hanover , Conn . 

Dear  Mr.  O'Brien: 

We  have  your  letter  of  April  21,  1969  in  reference  to  the  above 
subject . 

Our  engineers,  Chandler  &  Palmer  of  Norwich,  Connecticut,  have 
Inspected  this  dam  several  times  and  have  on  one  or  two  occasions 
reported  to  your  department  in  reference  to  their  findings.  Our 
engineers  agree  with  you  that  this  work  should  be  done,  but  we  would 
like  to  defer  this  matter  until  the  Reservoir  is  frozen  over.  Our 
men  feel  that  it  would  be  much  simpler  to  do  the  job  then,  and  thus 
prevent  discoloration  which  would  result  from  cutting  the  trees  at 
this  time.  We  have  been  delinquent  in  not  notifying  you  of  this 
situation,  and  ask  now  that  we  be  allowed  to  follow  the  above  outlined 
plan. 

Our  engineers  feel  that  it  would  be  much  better  to  work  on  the  flattening 
of  the  downstream  slope  after  the  trees  have  been  cut.  We  trust  you 
would  agree. 


Very/  trulj  yours. 


COr4M!i5j.-)fy 

*  c  e:"  i  v  n  f 
■Jill  2  :• 


WGP/ab 


August  1  ,  1969 


Angus  Park  Woolen  Co.,  Inc. 
c/o  William  6.  Park,  President 
Hanover,  Connecticut  06350 


Subject:  Hanover  Reservoir  Dam 
Sprague 


Dear  Mr.  Park: 

Thank  you  for  your  letter  of  July  25,  1969,  on  the  subject 

dam. 


We  agree  that  It  would  probably  be  easier  to  remove  the  trees 
In  the  winter  and  would  be  willing  to  go  along  with  this  suggestion. 
Also,  It  would  be  Impractical  to  flatten  the  downstream  slope  with 
the  trees  In  place,  so  this  Item  could  also  be  deferred  until  next 
Spring  or  Summer. 


We  have  the  recommendation  of  our  consultant  engineer 
-  -  -  that  additional  stability  and  safety,  be  achieved  by  flattening 
this  (the  downstream)  slope".  If  your  engineer  agrees  with  this 
conclusion,  we  request  that  plans  be  prepared  by  an  engineer  registered 
In  the  State  of  Connecticut  and  bearing  his  certification  and  seal  and 
submitted  to  this  agency  for  approval  for  this  work.  If  he  disagrees, 
we  request  that  he  submit  a  report  with  his  stability  analysis  to 
substantiate  this  conclusion. 


ca"be  scheduled  In  a  logical  manner  to  effect  economies 
or  to  make  It  easier,  but  we  see  no  reason  to  delay  In  the  engineering 

°r  t 2"S  wMcl\ we  have  requested.  It  Is  requested  that  you  9 
notify  us  before  cutting  down  the  trees. 


A.HI.I 

WJ> 


Am  .) 

OM3S  j 


BENJAMIN  H.  PALMER 
SHEPARD  ■.  PALMER 


CHANDLER  &  PALMER 

CIVIL  ENGINEERS 

114-11*  THAYER  aUlLOINO 
TAlmOM  W7.II40 


DAMS 

WATCH  SUPPLIES 
MW  CRACK 
APPRAISALS 
II  CROATS 
SUAVCVS 


MCMBCAS  AMERICAN  AMO  CONNECTICUT  SOCIETIES 
OP  CIVII.  BMSINOR* 


NORWICH.  CONN.  OSSSO 


August  5,  1969 


Angus  Park  Woolen  Company 

Hanover 

Connect lout 

Re  1  Hanover  Reservoir  Daa 
Gentlemen 1 

Apparently  the  State  is  going  to  insist  that 
we  aake  a  plan  and  take  oross-sections  on  the  Reservoir 
Daa* 


I  will  do  this  Just  as  soon  as  possibles 
However,  I  don't  think  it  is  anything  ori- 
tloal  and  It  will  have  to  wait  until  we  get  soae  of 
our  other  work  oleaned  up*  We  will  however  do  It  as 

soon  as  possible. 


Very  truly  yours. 


Chandler  A  Palmer 


i 


BHPinds 


.  • 
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Angus  Park  Woolen  Co.,  Inc. 

HANOVER,  CONN.  06350 


August  8,  1969 


Mr.  William  H.  O'Brien,  Civil  Engineer 
State  of  Connecticut 
Water  Resources  Coirabission 
State  Office  Building 

Hartford,  Connecticut  06115  Re:  Hanover  Reservoir  Dam 

Dear  Mr.  O'Brien: 

As  suggested  in  your  letter  of  August  1st  we  have  contacted  our  engineers. 
Chandler  &  Palmer,  of  Norwich,  Connecticut,  and  are  sending  you  a  photostat 
of  the  reply  we  have  received  from  them. 

We  trust  the  matter  is  now  well  in  hand  and  the  solution  satisfactory  to 
you . 

We  have  in  mind  to  advise  your  office  before  the  actual  cutting  of  trees 
commences. 

Very  truly  yours, 

ANGUS  PARK  WOOLEN  CO. ,  INC. 

C-  '.u'u  (f  /cl  t/y 

William  gV  Park  M" 


*0* 


wor/ab 


August  12,  LJU9 


Hr.  William  G.  Park.  President 
/■r.guB  Park  Woolen  Company 
Hanover,  Connecticut  06350 


Re:  Hanover  Reservoir  Dora 
Sprague 


Wear  Mr.  Park: 


Thank  you  ior  your  letter  of  August  8.  U01,  on  the  subject 
iium.  We  note  that  you  Intend  to  lnfons  us  before  the  trees  are 
removed.  This  Is  requested  so  that  we  may  identify  the  species 
if  we  feel  it  is  necessary  prior  to  cutting. 


From  the  copy  of  the  August  5,  1969  letter  from  B.  H.  Palmer, 
it  appears  that  there  may  be  a  misunderstanding.  We  ere  not 
insisting  that  you  prepare  a  plan.  We  are  requesting  that  you  have 
an  ngineer  either  send  us  a  report  with  his  conclusion  that  the 
item  is  sate  as  it  is,  or  plans  to  make  it  safe. 


We  hope  to  hear  irom  you  witnin  the  next  month  as  to  when  your 

s.jii:  ■  *r  will  ivi  able  to  meet  these  requests. 


V.'ry  truly  yours. 


William  11.  O'Brien,  111 
Civil  Cngir-.Tr 

WHOllI/lvm 

or:  John  Lich? 

Benjamin  II.  Palmer 


January  21,  1970 


Mr.  William  G.  Park 

i  "e*..: dent 

Angus  Park  Woolen  Company' 
Hanover,  Connecticut  06350 


Oubjec::  Hanover  ileservoir  Warn 
Jprague 


i A‘3i  .'t r.  Park i 

i.ould  you  please  advise  m;  as  to  then  we  may  expect  to 
-cc-  :v>?  *  it,  or!  ix'.x  your  engineer  as  to  two  safety  of  tiie 

':•*»  ) y  Ct  rti'l  i 


Very  truly  yours, 


William  H.  G'brlen,  III 
Civil  Engircer 


nitu>  1 1 1  gr.oi 
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April  9,  1970 


Mr.  William  6.  Park 

President,  Angus-Park  Woolen  Company 

Hanover,  Connecticut  06350 


RE:  Hanover  Reservoir  Dam 
Sprague 


Dear  Mr.  Park: 

We  have  repeatedly  requested  that  you  have  an 
engineer  submit  a  report  on  his  opinions  as  to  the  safety 
of  the  subject  dam.  We  have  a  consulting  engineer's 
report  in  our  files  which  states  that  the  downstream 
slope  of  the  dam  should  be  flattened  to  increase  its 
stability. 

We  request  that  you  notify  this  office  in  writing 
prior  to  April  30,  1970  as  to  when  we  may  expect  to 
receive  such  a  report  we  trust  that  more  formal  action 
will  not  be  required. 

We  will  plan  to  have  a  field  conference  at  the  dam 
In  late  spring  to  determine  the  best  way  of  handling  the 
problem  of  trees  growing  on  the  downstream  slope. 


Very  truly  yours , 


William  H.  O' Brien  III 
Civil  Engineer 


WHO/lch 
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Angus  Park  Woolen  Co.,  Inc. 

HANOVER,  CONN.  ne»3f  □ 

May  6,  1970 


William  H.  O’Brien  III 
Civil  Engineer 
Slate  of  Connecticut 
Water  Resources  Commission 
State  Office  Building 
Hartford,  Connecticut  06115 

Ref:  Hanover  Reservoir  Dam, 

Sprague _ 

Dear  Mr.  O’Brien: 

This  is  in  acknowledgment  of  your  letter  of  April  9tn  addressed  to  Mr. 

William  G.  Park.  Since  early  Fall  last  year  Mr.  Park  has  undergone 
a  period  of  extremely  ill  health  during  which  time  he  has  been  fully 
incapacitated  as  far  as  business  activity  is  concerned  and  has  only 
been  bach  on  a  very  limited  basis  since  the  end  of  April. 

Your  letter  was  brought  to  my  attention  quite  recently  and  in  the  mean¬ 
while  I  have  endeavored  to  familiarize  myself  with  the  subject  by  perusing 
the  lengthy  correspondence  which  has  ensued  between  your  office  and  ours 
since  1963,  but  most  of  which  takes  place  during  the  year,  1969. 

It  ,l evident  we  have  been  remiss  in  not  carrying  out  certain  things 
which  we  have  stated  would  be  done.  There  have,  however,  been  certain 
•  j . i t  i  ng  o  i  rc’.instanccs .  Foremost  amony  these  is  the  fact  that  during 

the  freeze  period  of  last  Winter  certain  emergencies  occurred  in  our 
in.mnf acturing  facility  which  prevented  our  own  Maintenance  Department 
rrom  removing  the  trees  on  the  pond  slope  of  the  dam  as  well  as  on  the 
landward  slope. 

Your  most  recoil*  letter  suggests  a  field  conference  will  be  held  at  the 
dam  in  tut*  near  future  to  determine  the  best  way  of  handling  the  problem 
of  the  trees  on  the  downstream  slope.  Our  own  engineers.  Chandler  &  Palmer, 
nave  confirmed  that  they  feel  these  trees  should  bo  removed  for  fear  that 
otherwise  the  possibility  of  uprooting  in  the  face  of  a  severe  windstorm 
w mild  substantially  weaken  the  dam  and  cause  a  dangerous  condition.  Althoug! 
» he  write*-  docs  not  pretend  to  be  an  enginee*r,  it  is  his  belief  that  some 
of  the  growth  should  remain,  such  as  sapplings  and  perhaps  tree:-:  ".easuring 


-2- 


not  more  than  12"  at  t  lio  basso;  thus  enabling  some  'pcwth  i  o 

.■*  >'.%;•  •  roa.i.  n1«>»  1  .  *  r«:>  C  pro/ontin.,  .  vui:*-.  :  ; « .  ,  .  n  i  !.  • 

otherwise  might  be  caused  by  sudden  and  heavy  iviinful1. 


)  cilia  i  n 
U  I  >p>  ’ 


on  t  he 

■.••.I  Loti 


•i.»  •  m  ?  i  n. . 1 1  •..( »  ev  i.i'-nt  I  y  agree  that  a  -orl.  !.n  ait-  >  n\  <>:  I  i  i  i  i  ng  an*. 

■  rndinq  over  the  steep  portion  of  the  slope  is  desirable  in  the  interest 
of  strengthening  this  portion  of  the  dike.  At  the  moment  we  have  no  idea 
just  how  much  would  be  involved  here  from  the  standpoint  of  total  dollars 
expenditure.  Naturally  it  is  not  the  attitude  of  this  Company  not  to  do 
its  part  to  rectify  what  may  be  an  unsafe  condition,  but  we  are  not  in  a 
posit  ion  to  embark  on  a  grandiose  project  which  might  be  more  elaborate 
loan  actual  safety  requires. 


We  would  further  suggest  Lhat  the  trees  on  the  pond  slope  of  the  dam, 
which  is  a  short  slope  averaging  four  to  eight  feet  above  normal  water 
level,  be  removed  at  the  next  time  of  heavy  freeze-over.  The  tree  growth 
.ere  consists  mostly  of  small  trees  and  birch  sapplings  with  the  larger 
l roes  growing  almost  at  road  level. 


We  regret  the  delay  in  answering  your  letter  of  April  9th  and  the  apparent 
negligence  on  our  part  in  taking  action  on  this  situation. 


Yours  very  truly, 

ANGUS  PARK  WOOLEN  CO. ,  INC. 


Angus  W  .  Park, 

President 


.  1 
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STATE  OF. CONNECTICUT 

DEPARTMENT  DP  ENVIRONMENTAL  PROTECTION 
State  Office  Building  •  Hartford,  Connecticut  06115 


':7  October  iy/4 


Vs.,  -clii  £j»t,iueerL 
■  Ciliutt  Ltroct 
Kart ford,  CT  61  S 

Re;  Hanover  Reservoir  Dan. 
f Prague 

<n  .  r’er.x'ii: 

Under  toe  terms  cl  your  contract  to  act  as  a  consultant  to 
i.  department,  will  you  plcaso  ins;  cot  and  submit  a  report  on 
.  ,  ■  ..afety  oi'  the  subject  dam. 

The  dam  ia  located  on  the  Little  River  In  the  northern 
portion  of  the  Town  of  Lprague. 

Very  truly  yours, 


Victor  F.  ualgowski 

Supt.  of  Lam  Maintenance 
Water  4  Related  Resources 
Telephone  no.  5^6-7 2&'' 


'  M‘U  T  IV If  OF  PIC  C  S 


PHONU  (493)  549  6190 


MACCHt  ENGINEERS 

•  44  C I L  L  E  T  T  STREET  *  H  AR  T  F  OK  l>.  C  Oh  N. ,  Of,  .05 

A.  J.  44 ACC  HI,  P.tl.  0 

jo'.r  m.  cosio,  p.e. 

MICHAEL  GIRARD,  P.E, 

a^'jriATt  consultant  October  22,  1974 

PROF.  C.  W.  DUNHAM 


Mr.  Victor  Galgowsky 

Supt.  of  Dam  Maintenance 

Water  &  Related  Resources 

Dept,  of  Environmental  Protection 

165  Capitol  Avenue 

Hartford,  Conn.  06115 

Re:  Hanover  Reservoir  Dam 
Sprague ,  Conn . 

Dear  Mr.  Galgowsky: 

Enclosed  is  our  report  on  the  inspection  of  the  above- 
referenced  dam  in  accordance  with  the  request  made  in 
your  letter  of  October  17,  1974. 

Very  truly  yours, 

MACCHI  ENGINEERS 


•  X?  .  A.  j 


Enel. 

_  • 


WATER  &  RELATED 

RESOURCES 
ft  I  EiVlZD 
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HANOVER  RESERVOIR  DAM 
Sf’kaGUE,  CONNECTICUT 

On  October  18,  1974  J.  II.  Cosio,  P.E.  and  R.  Novotny  of 
Macchi  Engineers  inspected  the  dam  of  the  Hanover  Reservoir. 
Following  are  our  findings: 

LOCATION 

The  reservoir  is  located  in  the  Little  River  Valley  just 
north  of  Hanover  in  the  Town  of  Sprague,  Connecticut.  This 
reservoir  is  owned  by  the  Angus  Park  Woolen  Co.,  a  textile  mill 
which  has  closed  within  the  last  six  months.  Portions  of  the 
Town  of  Hanover  still  are  supplied  with  water  provenient  from 
the  Hanover  Reservoir. 

DESCRIPTION  OF  STRUCTURES 

The  dam  is  an  earth  and  rock  structure  521  feet  long, 
reaching  a  height  of  about  30  ft.  at  the  deepest  channel 
section.  The  width  of  the  top  of  the  dam  varies  between  26  ft. 
and  45  ft.  A  15  ft.  wide  paved  town  road  runs  along  the  top  of 
the  dam.  The  upstream  embankment  of  the  dam  has  a  fairly  uniform 
slope  of  about  2:1.  The  downstream  slope  varies  considerably  from 
Section  to  Section  from  about  2:1  to  sections  probably  approaching 
1:1  slopes  or  steeper.  Some  garbage  and  debris  are  accumulated 
in  the  downstream  slope  of  the  dam.  In  addition  to  the  earth  dam, 
at  the  east  end  there  is  a  152  ft.  long  stone  masonry  sprilway 
bridged  over  by  a  16  ft.  wide  bridge  founded  on  two  abutments 
and  two  prers.  (See  attached  sketches.) 
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The  earth- rock  dam  section  does  not  show  evidence  of  leaks. 

In  a  couple  of  low  areas  next  to  the  downstream  toe  of  the 
embankment  there  was  ponded  water  on  the  day  of  the  inspection, 
but,  it  seemed  to  be  only  runoff  accumulation. 

The  spillway  has  a  generous  structural  cross  section  and 
is  in  very  good  structural  condition.  The  clear  waterway 
opening  is  in  the  order  of  136  ft.  wide  by  8  to  9  ft.  high. 

At  the  west  end  of  the  dam  there  is  a  gate  that  controls 
the  water  intake  to  a  54“  diam.  *  steel  pipe  serving  the  mills 
and,  as  stated  before,  supplying  water  into  some  areasof  Hanover. 
The  gate  and  the  steel  pipe  are  in  good  condition  and  in  accord¬ 
ance  with  Mr.  Parker,  the  gate  functions  properly. 

The  only  area  of  relative  concern  is  the  substructure  sup¬ 
porting  the  highway  bridge  over  the  spillway. 

The  East  abutment  of  the  bridge  is  badly  deteriorated 
at  the  top  to  the  extreme  that  about  1/3  of  the  area  of  the 
bearing  plate  of  the  north  girder  does  not  rest  on  the  concrete. 

The  low  area  of  the  abutment  below  the  water  line  is  in  good 
condition. 

The  East  pier  of  the  bridge  is  badly  scoured  below  the 
water  line.  The  top  shows  slight  deterioration. 

The  West  pier  and  West  abutments  are  in  good  condition. 

The  bridge  itself  is  a  three  span  steel  girder  structure  153  ft. 
long,  built  probably  within  the  last  30  years  and  recently  painted. 

Along  the  paved  road  that  runs  over  the  dam  there  are  no 
visible  signs  of  horizontal  displacements  or  settlements. 


HYDRAULIC  CONSIDERATIONS 

Tho  total  dr,1,  i  :u\gt  areii  for  this  n  u  url  ui  c  i.:.  ’_.L  .  mi. 

Within  this  area  there  are  large  storage  (swamp)  areas.  The 
contributing  area  is  a  long  narrow  valley.  Ftortecn  miles 
upstream  of  the  Hanover  Reservoir  is  located  the  Hampton 
Reservoir  on  the  same  valley.  There  is  a  gaging  station  in 
Little  River  which  was  established  in  1951,  located  only  1.7 
miles  north  of  the  Hanover  Reservoir.  The  following  information 
was  obtained  from  the  U.S.  Geological  Survey  Office  with  regard 
to  this  gaging  station: 

Drainage  area  29.1  sq.  mi. 

Long  Term  Mean  Annual  Flood  700  c.f.s. 

Max.  Recorded  Flood  (August  19,  1955)  1,400  c.f.s. 

The  U.S.  Geological  Service  has  also  records  at  the 
Versailles  Pond  Dam  located  4.2  miles  downstream  of  the  Hanover 
Reservoir,  on  the  same  valley.  The  following  information  was 
obtained  from  these  records; 

Drainage  area  41.3  sq.  mi. 

Mean  Annual  Flood:  1,000  c.f.s. 

Max.  Recorded  Flood  (Sept.  21,  1930)  2,000  c.f.s. 

Our  hydraulic  computations  for  the  Hanover  Reservoir  give 
(he  following  information: 

Drainage  area  32.1  sq.  mi. 

Moan  Annual  Flood  900  c.f.s. 

100  Year  Flood  Frequency  (5  MAF)  -  4,500  c.f.s. 

3/2 

Spillway  Capacity  Q  -  CxhxH  ' 

Q  ~  3  x  116  x  7  =  7,550  c.f.s. 

*.V»  to  r  eU-pth  .  •  i'  spillway  to  pan:;  i  ho  l  L.: . ,  •  ou  JO.)  ye.tr 

. loud  frequency  =  5  It.  approx. 

These  results  indicate  (:hat  the  spillway  stems  to  have 
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enough  capacity  to  accommodate  a  100  y<  ar  f roqnoncy  flood. 

Inquiries  were  made  in  the  area  about  the  dam  ever  being 
overtopped.  Mr.  Parker  of  the  Aqnus  Park  Woolen  Co.  stated  that 
he  has  no  such  recollection.  Mr.  Maurice  St.  Germain,  Baltic's 
Fire  Chief,  stated  that  in  1955  a  small  amount  of  water  went 
over  the  top,  but,  traffic  was  kept  on  the  road  and  no  flooding 
occurred  at  the  area.  The  U.S.  Geological  Survey  Office  in¬ 
dicated  that  they  do  not  have  records  of  the  Hanover  Reservoir 
to  ascertain  this  matter.  It  was  not  possible  to  find  anyone 
who  could  recollect  the  behavior  of  the  dam  during  the  1938 
flood. 

CONCLUSIONS 

a)  The  dam  in  its  present  condition  seems  a  safe  and 
adequate  structure . 

b)  The  East  abutment  and  East  Pier  of  the  bridge  built 
over  the  spillway  require  attention. 

c)  A  failure  of  this  dam,  which  seems  a  remote  possibility, 
would  cause  havoc  especially  in  the  Town  of  Hanover 

and  Baltic.  On  this  account  it  may  be  prudent  to  make 
a  further  structural  study  of  the  dam  to  ascertain  its 
stability  at  the  sections  where  the  downstream  slope  of 
the  c.ibankmcnt  is  steeper  than  1.5:1. 


•  A  J  [  Cl  At.  ..  i 

yo‘t»  \  i  io  t  /•  •• 


■ » f  *  it  ^ 

r, 


/  i  /  • 


K  rjf-.rtmcnt  Message 


Victor  F.  Galgowski 
Water  Resources  Unit 


Charles  J.  Pelletiei 


Environmental  Protection 


Supt.  of  Dam  Maintenance  17  January  1980 


'  Consultant 


Sprague  -  Hanover  Reservoir  Dam 


Some  concern  has  been  expressed  about  the  effect  of  failure  of  this 
dam  on  the  facilities  of  Federal  Paper  Board  Co.,  which  is  located  about 
two  miles  downstream  and  immediately  downstream  from  Paper  Mill  Pond  Dam. 
If  Hanover  Reservoir  Dam  failed  at  a  time  of  ordinary  runoff  rate  (no 
significant  overbank  flow  along  the  downstream  channel),  it  is  unlikely 
that  it  would  cause  significant  damage  to  Federal.  Hanover  Reservoir 
contains  about  300  acre-feet  of  stored  water.  The  area  of  floodplain, 
including  the  area  of  Papermill  Pond,  between  Hanover  Reservoir  and 
Federal  is  about  185  acres.  It  is  our  feeling  that  the  storage  in  this 
two  mile  reach  of  river  would  attenuate  peak  outflow  rates  to  the  extent 
that  it  would  cause  little  of  any  damage  to  Federal. 

A  failure  occurring  during  a  large  flood  might  result  in  a  sudden 
stage  increase  sufficient  to  cause  additional  damage  to  Federal  depending 
on  the  timing  of  the  failure  relative  to  timing  of  the  flood  wave  on 
which  it  was  superimposed.  Further  detailed  analysis  to  establish  wit> 
seine  precision  the  magnitude  of  the  flood  wave  cai.s-.-l  by  e  failure,  car 
be  provided  if  you  wish.  (This  will  probably  be  done  by  the  Corps  of 
Engineers  if  a  Phase  1  study  is  done  on  Hanover  Reservoir  Dam.) 

The  Hanover  Reservoir  Dam  was  inspected  on  January  16,  1900.  The 
condition  is  little  changed  from  1976,  the  time  of  the  last  inspection. 
Seepage  flow  appears  to  be  about  the  same.  Some  large  trees  on  the 
uownslream  side  have  died  and  several  have  been  cut.  There  also  loss 
been  come  additional  dumping  of  boulders,  waste  soil,  brush  and  other 
debris  on  the  downstream  slope. 

We  do  not  feel  that  the  dam  is  in  imminent  danger  of  collapse. 
However,  to  insure  continued  stability,  we  recommt  ,iu  ti.ut  the  p>  active 
of  dumping  on  the  slope  to  he  discontinued  and  that  the  material  already 
dumped  be  removed  along  with  all  trees.  When  clearing  is  completed,  toe 
i  < a  should  be  r 'filled  with  free  draining  material  on  a  flat l or  slope 
with  a  toe  drain  to  control  seepage.  It  would  also  be  appropriate  to 
require  of  the  owner  detailed  analysis  of  embalmment  st  ii>‘ li ty,*»oi llwuy 
capacity  and  freeboard. 
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21  January  1980 


Mr.  Matthew  T.  Delaney 
First  Selectman 
Box  162 
Main  Street 
Baltic,  CT  06330 

Re:  Hanover  Reservoir  Dam 
Sprague 

Dear  Mr.  Delaney: 

Pursuant  to  our  inspection  on  January  16,  1980,  we  do  not  feel  the 
subject  dam  is  in  any  imminent  danger  of  failure.  Conditions  noted 
indicate  very  little  change  since  our  inspection  in  1976.  The  seepage 
pattern  appears  to  be  about  the  same.  Some  additional  dumping  of 
boulders,  waste  soil,  brush  and  other  debris  on  the  downstream  slope 
has  taken  place. 

From  our  observations  of  the  area  downstream  of  the  dam  we  find 
the  floodplain  areas  between  the  dam  and  Federal  Paper  Board  Co.  to 
equal  approximately  185  acres.  If  the  Hanover  Dam  failed  at  a  time 
of  ordinary  runoff,  it  is  unlikely  that  it  would  cause  significant 
damage  to  the  factory  due  to  the  storage  provided-  by  the  floodplain. 

A  failure  occurring  during  a  large  flood  might  result  in  some  damage. 
Further  detailed  analysis  is  required  to  establish  the  magnitude  of 
the  resulting  flood  wave. 

The  dam  is  scheduled  for  inspection  by  the  Corps  of  Engineers 
this  year.  Upon  receipt  of  the  results  of  their  inspection,  we  will 
request  the  owner  of  the  dam  to  implement  any  recommendations  for 
repairs  or  alterations  listed.  In  the  meantime,  we  suggest  dumping 
of  debris  on  the  dam  be  prohibited  and  the  dam  be  monitored  during 
periods  of  heavy  runoff. 

Very  truly  yours. 


Victor  F.  Galgowski 
Supt.  of  Dam  Maintenance 
Water  Resources  Unit 
Telephone  no.  566-7245 

VFG: 1 j  k 

cc:  Mr.  Ray  Armstrong 
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Photo  1  -  Seepage  and  wet  area  located  approximately 
160  feet  right  of  the  spillway  (6/2/80). 
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Photo  2  -  Flow  in  6  foot  wide  swale  away  from 
center  wet  area  (6/2/80). 
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Photo  3  -  Downstream  slope  of  dam.  Note  steepness 
of  slope,  trees,  and  debris  on  slope  (6/2/80). 


Photo  4  -  Masonry  spillway  and  concrete  splash 
apron  (6/2/80). 
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Photo  5-54  inch  steel  low-level  outlet 
Note  seepage  flow  in  pipe  (6/2/80). 
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Photo  6  -  Low-level  intake  structure  at  left  and 
penstock  intake  structure  at  right  (6/2/80). 
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MAXIMJM  PROBABLE  FLOOD  INFLOWS 
NED  RESERVOIRS 


Proiect 

£ 

D.A. 

MPF 

(cfs) 

(sq.  mi.) 

cfs/sq.  mi 

1. 

Hall  Meadow  Brook 

26,600 

17.2 

1,546 

2. 

East  Branch 

15,500 

9.25 

1,675 

3. 

Thomas ton 

158,000 

97.2 

1,625 

4. 

Northfleld  Brook 

9,000 

5.7 

1,580 

5. 

Black  Rock 

35,000 

20.4 

1,715 

6. 

Hancock  Brook 

20,700 

12.0 

1,725 

7. 

Hop  Brook 

26,400 

16.4 

1,610 

8. 

Tully 

47,000 

50.0 

940 

9. 

Barre  Falls 

61,000 

55.0 

1,109 

10. 

Conant  Brook 

11,900 

7.8 

1,525 

11. 

Knightville 

160,000 

162.0 

987 

12. 

Littleville 

98,000 

52.3 

1,870 

13. 

Colebrook  River 

165,000 

118.0 

1,400 

14. 

Mad  River 

30,000 

18.2 

1,650 

15. 

Sucker  Brook 

6,500 

3.43 

1,895 

16. 

Union  Village 

110,000 

126.0 

873 

17. 

North  Hartland 

199,000 

220.0 

904 

18. 

North  Springfield 

157,000 

158.0 

994 

19. 

Ball  Mountain 

190,000 

172.0 

1,105 

20. 

Townshend 

228,000 

106.0(278  total)  820 

21. 

Surry  Mountain 

*3,000 

100.0 

630 

22. 

Otter  Brook 

45,000 

47.0 

957 

23. 

Birch  Hill 

88,500 

175.0 

505 

24. 

East  Brlmfield 

73,900 

67.5 

1,095 

25. 

Westville 

38,400 

99.5(32 

net) 

1,200 

26. 

West  Thompson 

85,000 

173.5(74 

net) 

1,150 

27. 

Hodges  Village 

35,600 

31.1 

1,145 

28. 

Buffumville 

36,500 

26.5 

1,377 

29. 

Mansfield  Hollow 

125,000 

159.0 

786 

30. 

West  Hill 

26,000 

28.0 

928 

31. 

Franklin  Falls 

210,000 

1000. 0 

210 

32. 

Blackwater 

66,500 

128.0 

520 

33. 

Hopklnton 

135,000 

426.0 

316 

34. 

Everett 

66,000 

64.0 

1,062 

35. 

MacDowell 

36,300 

44.0 

825 

MAXIMUM  PROBABLE  FLOWS 
BASED  ON  TWICE  THE 
STANDARD  PROJECT  FLOOD 
(Flat  and  Coastal  Areas) 


River 

SPF 

(cfs) 

D.A. 

(sq.  mi.) 

MPF 

(cfs/sq.  ml.) 

1. 

Pawtuxet  River 

19,000 

200 

190 

2. 

Mill  River  (R.I.) 

8,500 

34 

500 

3. 

Peters  River  (R.I.) 

3,200 

13 

490 

4. 

Kettle  Brook 

8,000 

30 

530 

5. 

Sudbury  River. 

11,700 

86 

270 

6. 

Indian  Brook  (Hopk.) 

1,000 

5.9 

340 

7. 

Charles  River. 

6,000 

184 

65 

8. 

Blackstone  River. 

43,000 

416 

200 

9. 

Qulnebaug  River 

55,000 

331 

330 
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ESTIMATING  EFFECT  Of  SURCHARGE  STORAGE 
ON  MAXIMUM  PROBABLE  DISCHARGES 


STEP  1:  Determine  Peak  inflow  (Qpi)  from  Guide 
Curves. 

*  STEP  2:  a.  Determine  Surcharge  Height  To  Pass 

"Opi”. 

b.  Determine  Volume  of  Surcharge 

®  (STORi)  In  Inches  of  Runoff. 

c.  Maximum  Probable  Flood  Runoff  In  New 
England  equals  Approx.  19",  Therefore: 

1  Q p 2  =  Qpi  X  (1  —  ?TORi  ) 

19 

STEP  3:  a.  Determine  Surcharge  Height  and 
1  "STOR2"  To  Pass  "Qpz” 

b.  Average  "STORi”  and  "STOR2"  and 
Determine  Average  Surcharge  and 
Resulting  Peak  Outflow  "Qp3". 


MAXIMUM  PROBABLE  FLOOD 
PEAK  FLOW  RATES 


DRAINAGF  AREA  IN  SQ.  MILES 


SURCHARGE  STORAGE  ROUTING  SUPPLEMENT 


STEP  3: 


STEP  4: 


a.  Determine  Surcharge  Height  and 
"STOR2"  To  Pass  “Qp2“ 

b.  Avg  “STORi”  and  “STOR2"  and 
Compute  “Qp3“. 

c.  If  Surcharge  Height  for  Qps  and 
“STORavg"  agree  O.K.  If  Not: 

a.  Determine  Surcharge  Height  and 
“STORs"  To  Pass  "Ops” 

b.  Avg.  “Old  STORavg”  and  “STOR3 
and  Compute  "Op*" 

c.  Surcharge  Height  for  Qp4  and 
“New  STORAvg"  should  Agree 


“rule  of  thumb”  guidance  for  estimating 

DOWNSTREAM  DAM  FAILURE  HYDROGRAPHS 


STEP  I: 
STEP  2, 


STEP  3: 
STEP  4: 


STEP  5: 


DETERMINE  OR  ESTIMATE  RESERVOIR  STORAGE  (S)  IN  AC-FT  AT  TIME  OF  FAILURE. 
DETERMINE  PEAK  FAILURE  OUTFLOW  (Qpl). 

QPi  *  %7  VT  Y0  \ 

Wb=  BREACH  WIDTH  -  SUGGEST  VALUE  NOT  GREATER  THAN  40*  OF  DAM 
LENGTH  ACROSS  RIVER  AT  MIO  HEIGHT. 

YQ  =  TOTAL  HEIGHT  FROM  RIVER  BED  TO  POOL  LEVEL  AT  FAILURE. 

USING  USGS  TOPO  OR  OTHER  DATA,  DEVELOP  REPRESENTATIVE  STAGE -DISCHARGE 
RATING  FOR  SELECTED  DOWNSTREAM  RIVER  REACH. 

ESTIMATE  REACH  OUTFLOW  (Qp2)  USING  FOLLOWING  ITERATION. 

A.  APPLY  qpl  TO  STAGE  RATING,  DETERMINE  STAGE  AND  ACCOPMANYrNG 
VOLUME  (V,)  IN  REACH  IN  AC-FT.  (NOTE:  IF  V,  EXCEEDS  1/2  OF  S, 
SELECT  SHORTER  REACH.) 

8.  DETERMINE  TRIAL  Qp2. 

Op2 I TRIAL )  «  Op,  II  ) 

C.  COMPUTE  V2  USING  Qp2  (TRIAL). 

D.  AVERAGE  V,  AND  V?  AND  COMPUTE  Qp2- 

QPj  «  Op,  ( I  -  Y  > 

FOR  SUCCEEDING  REACHES  REPEAT  STEPS  3  AND  4. 

APRIL  1978 
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APPENDIX  E 


INFORMATION  AS  CONTAINED  IN 
THE  NATIONAL  INVENTORY  OF  DAMS 
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